
LOS Alamos Nal,onal Larsoralov IS ormalod by IM Unww ofCalllo!mfo~lheunlle~SIaI@~ DeWlmenl Of Energy under Confracl W.7405-ENG-343

LA-UR--86-4112

DE87 003719

TITLE
NONLINEAR PULSATIONS OF LUMINUUS He STARS

AuTHOR(S) CHARLES R. PROFFITT, UNIERSITY OF WASHINGTON
ARTHUR N. COX, T-6

SUBMITTED TO PROCEEDINGS OF THE STELLAR PULSATION CONFERENCE:
A MEMORIAL TO JOHN P. COX
August 11-15, 1986
Los Alamos, New Mexico

DI.S(”I.AIMKR

LosNminm “’{i’’’’’’’’”‘~’tTELos Alamos Na;j;al Lab%k!ky
Los Alamos,New Mexico 87545

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.

For additional information or comments, contact: 

Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



Nonlinear Pulsations of Luminous He Stars

Charles R. ProfEtt 1‘2and Arthur N. COX1

1Los Alamos National Laboratory

Los Alamos, New Mexico 87545

2Department of Astronomy
University of Washington

Seattle, Washington 98105

Abstract.

Radial pulsations in models of R Cor ~or stars and BD+ 1°4381 have been studied with a

nonlinear hydrodynamic pulsation code. Comparisons are made with previous calculations and

with observed light and velocity curves.

I. Introduction,

The R Cor Bor stars are characterized by atmospheres with extremely low hydrogen abun-

dances, enhanced carbon, high luminosities (104LG) and effective temperatures of about 7000 K.

At irregdar intervals they show abrupt declines in brightness for several months that are at-

tributed to the formation of a dust shell (Fe~t 1975). Many pulsate with small amplitudes and

periods of 40 to 120 days (Saio 1986).

Bl? +1°4381 is also a hydrogen deficient star (Drilling 1979), with an effective temperature

of 9500 * 400 K (Drilling et al 1984), which was discovered by Jeffery and Malaney ( 1985) to

pulsate with a 22 day period and an amplitude AV = 0.06 magnitl~des,

Linear non-adiabatic studies of luminous He stars have been done by Saio, Wheeler, and

Cox (1984), Cox et al. (1980), Wood (1976), and Trimble (1972) among others. They find

that the pulsations are very nonadiabatic, with the thermal timescales for such stars becoming

comparable to the dynamic timescalea, There is no longer a one to one corespondance between

the adiabatic and non-adiabatic modes, new ‘strange” modes appear and modal identification



becomes difficult. Hydrodynamic models of luminous He stars have been studied by Trimble

(1972), Wood (1976), King et al. (1980) and Saio and Wheeler (1982).

II. Models

We have calculated linear and hydrodynamic models for R Cor Bor stars, using the same

parameters as Saio and Wheeler used for their models 7 and 8. We compare our results to theirs

in table 1. The results of the two calculations are ve~ similar, except that our linear growth

rates are consistently about twice those obtained by Saio and Wheeler, and we get nonlinear

amplitudes that are slightly larger. In addition to the modes discussed by Saio and Wheeler

we also list the closest adjacent modes that we found in our linear analysis. Because of the

complexity of the modal structure for these stars we do not attempt to identify the adiabatic

counterparts of these modes.

Ln addition to using a composition of 90% helium and 10% carbon by mass, we also com-

puted linear models using a mixture with 98% helium and 2’%metals in solar proportions. These

mixtures are designated “he9c 1“ and “cxhdsn2a” on the Los Alamos opacity tables. The best

abundance analysis of R Cor Bor suggests that carbon is about 1.2% of the mass of the at-

mosphere, with nitrogen and oxygen in approximately solar abundances (Cottrell and Lambert

1982). So the appropriate opacity to use is probably intermediate between these two mixtures.

The models with lower metal abundance tend to have smaller linear growth rates, but numerical

difficulties have so far prevented calculation of nonlinear models with these opacities. Since the

models with 10% carbon show nonlinear amplitudes significantly larger than actual R Cor Bor

stars, nonlinear models with appropriate compositions should be calculated.

Our nonlinear models show a double periodicity, with alternate cycles having larger ampli-

tudes, We attribute this to the presence, with a small amplitude, of a higher order mode. Our

linear models show such a mode, with a period close to two thirds or’the period of the dominant

mode. We do not know if this mode is locked into a resonance with the dominant mode or if

it will damp out after a large number of periods, While the light and velocity curves of R Cor

Bor staxa are obeerved to vary from cycle to cycle, there has been no suggestion of this kind of

double periodicity being observed in high Iuminonity He stars.

Sch6nberner (1979) calculated models of He shell burning stars with a CO core and a thin

He envelope in the range of 0.7 to 1,0 M@. Stars with the same total mass but with a smaller

core mass could have lower luminosities than these models, but it would be difficult for a star



of the same mass to have a higher luminosity. If we assume a M-L relation for BD+ 1°4381

consistent with Sch6berner’s models and a Teff of 9500 K, we find a pulsat ionall y unstable mode

with the observed period of 22 days if we use a mass of 0.95iW0 (See table 2). For lower masses

the longest pulsationally unstable mode that we find has too short a period, unless we assume a

luminosity higher than consistent with Scht5berner’s models. Our models show very high linear

growth rates and large nonlinear amplitudes (see table 2), As with our R Cor Bor models a lower

metal abundance has a strong effect on the growth rates of the pui .ational modes and there is

a 2:3 period ratio between the 22 day mode and a higher order mode that results in a double

periodicity in the light curve. Published light curves of BD+1”4381 are not detailed enough to

show whether or not such behavior is actually present.

Such a large mass and high luminosity seems inconsistent with BD+ 1°4381’s location about

25° below the galactic plane. It would require a very large error in the measured effective

temperature to reduce this mass significantly, An effective temperature of about 8000 K is

needed for a 0.7A40 star with the luminosity of Schi5nbemer’s modei to Lave a unstable mode

with a period near 22 days,
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Table 2
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Observed valuec for BD-tl”4381 are P = 22 days, and AV -= 0,06,


